The presentation of acute vertigo may represent both a common benign disorder or a life threatening but rare one. Familiarity with the common peripheral vestibular disorders will allow the clinician to rapidly ''rule-in'' a benign disorder and recognize when further testing is required. Key features of vertigo required to make an accurate diagnosis are duration, chronicity, associated symptoms, and triggers. Bedside tests that are critical to the diagnosis of acute vertigo include the Dix-Hallpike maneuver and canalith repositioning manuever, occlusive ophthalmoscopy, and the head impulse test. The goal of this review is to provide the clinician with the clinical and pathophysiologic background of the most common disorders that present with vertigo to develop a logical differential diagnosis and management plan.
Introduction
Dizziness ranks as one of the most common reasons why patients present for medical care. Vertigo, a true perception of environmental motion, is one distinct subtype of dizziness. This review will cover the most common peripheral and central vestibular disorders that present with rotational vertigo. A good history to exclude metabolic causes such as medications, cardiovascular disease, orthostasis, and psychogenic causes is presumed. Most vestibular disorders can be diagnosed with a careful history and bedside tests that do not require any specialized equipment. Basic clinical features such as duration, chronicity, associated auditory or neurologic features, and triggers will lead to a diagnosis in most cases (Table 1) . When a patient presents with unusual symptoms or signs that do not fit into one of the benign disorders, further testing with imaging or specialized vestibular function testing may be required.
Benign Paroxysmal Positional Vertigo
Benign paroxysmal positional vertigo (BPPV) occurs with a lifetime prevalence of 2.4%. 1 Although common, the symptoms can be so frightening that the patient's first encounter for treatment may be in the emergency room. Patient characteristics associated with BPPV are older age, history of head trauma, inner ear surgery, other inner ear disease, prolonged recumbency, and in younger affected patients, a history of migraine headaches. [1] [2] [3] [4] [5] [6] Benign paroxysmal positional vertigo is caused by otolith particles that become loosened from the sensory receptor of the utricle called the macula. 7 Since these particles are heavy, they fall into the most dependent portion of the semicircular canal system, which is the posterior semicircular canal (PSC). Once they fall in, they get trapped until a liberatory manuever can be done. Freely moving otolith particles trapped in the semicircular canals is called canalithiasis and is the basis for BPPV. 7, 8 The PSC is affected in about 85% to 90% of cases, the horizontal semicircular canal (HSC) in 10% to 13%, and the anterior canal in 1% to 2% of cases. [9] [10] [11] The symptoms of BPPV occur because the otoliths, which are heavier than the surrounding endolymphatic fluid, move when the head is moved in relation to gravity or is moved in the plane of the affected canal. The movement of the endolymph causes the cupula, the angular acceleration-detecting receptor, to be deflected, which stimulates the hair cells and generates a neural signal that creates the perception that one side of the head is moving whereas the other (normal) side is not. The patient thus experiences rotational vertigo. The typical situations in which vertical head movements are made are when patients get up from bed, lie down on a bed, or extend their head (top shelf vertigo). The particles will also move if the head is rolled in the plane of the affected canal. Since the PSC sits at a 45 angle relative to the midline, rolling toward the affected ear will also trigger spells.
The classic features of BPPV are very brief episodes (seconds) of vertigo that are solely triggered by head movement. This head movement is in the vertical or rotational plane. If patients complain of vertigo only while standing, turning their bodies without turning their heads, or turning their heads in the horizontal plane only, another diagnosis should be considered. It should also be noted that patients with any kind of central or peripheral cause of vertigo may feel worse when they move their heads because any kind of baseline asymmetry in vestibular function will be ampliflied by head movement. Patients with severe spells will sometimes feel off-balanced for a brief time after a severe vertigo episode. They may also have nausea. However, patients with BPPV should have no gait problems in between spells as very little vertical head movements are done when standing and walking. They should also be free from any other cranial symptoms.
Benign paroxysmal positional vertigo of the PSC is diagnosed with the Dix-Hallpike maneuver, a maneuver that places the patient's head in the plane of the affected PSC to maximally mobilize the otoliths trapped in that canal (Figure 1 , steps 1 and 2). The side to which the patient turns that triggers the spell is the affected side. In this maneuver, the patient is placed in the sitting position with his or her side to the examiner. The head is turned 45 to the side. The side to which the patient turns is the side being tested. The patient's head is lowered so that it hangs below the horizontal plane. If there are freely moving otoliths in the PSC, this maneuver will trigger nystagmus and vertigo.
The PSC is connected through brain stem nuclei that innervate the ipsilateral superior oblique and the contralateral inferior rectus muscles. 12 The eye movement that is stimulated is a torsional vertical movement where the ipsilateral eye is depressed and intorted and the contralateral eye is depressed and extorted. The corrective movement, or saccade is thus an oppositely directed torsional vertical movement where the ipsilateral eye is raised and extorted and the contralateral eye is raised and intorted. Thus, when the right PSC is affected and a Dix-Hallpike is done to the right-hand side, the nystagmus elicited is a torsional vertical nystagmus that beats counterclockwise toward the top of the head. The nystagmus will appear as a burst after an initial variable delay, which is rarely as long as 30 seconds. The nystagmus will stop once the particles stop moving and the cupular deflection recovers. For the PSC, this is always less than 1 minute and generally closer to 15 to 20 seconds. 13, 14 Repeated testing will cause the response to fatigue.
Benign paroxysmal positional vertigo is treated with a canalith repositioning maneuver (CRM) also known as the modified Epley maneuver. The goal is to return the particles to the utricle where they redissolve back into the endolymphatic fluid. The initial steps of the CRM are the same as the Dix-Hallpike manuever. At the end of the Dix-Hallpike maneuver, when the patient's vertigo and nystagmus have stopped, any loose otoliths will be settled at the apex of the PSC. Then, with the patient's head still hanging, a smooth roll to the opposite side is made followed by an additional body turn such that the patient ends up lying on his or her side (Figure 1 , steps 3 and 4). The patient's view is now toward the floor. The patient may experience another short bout of vertigo; if the eyes are viewed at this time, they should still have the same direction of nystagmus as was originally seen during the Dix-Hallpike maneuver. From the standpoint of the canal, all that is done in this step is to rotate the PSC on its apex such that the dependent limb (through which the otoliths have just traveled) is now the upper limb. The patient is then brought back to a sitting position. With this step, the particles will fall down from the upper limb back into the utricle. The patient should be supported for about a minute after the procedure because if any otoliths suddenly fall onto the macula of the utricle, the patient will feel like they are being pushed and can fall off the examination table. This is extremely frightening but is actually reassuring that the otoliths have successfully been moved back into the utricle. A confirmatory Dix-Hallpike maneuver should be performed to ensure that the otoliths have all been rolled out. If positive, another CRM is performed until a negative confirmatory Dix-Hallpike maneuver is achieved. Since this is a treatment, and not an exercise, the patient does not need to continue performing the maneuver unless they have a symptom recurrence. Activity restrictions such as sleeping with a neck collar or sleeping upright are no longer considered necessary. 15, 16 However, patients should be instructed to avoid prolonged head extension as the particles can fall back out again. The rate of recurrence is estimated to be about 50% in 10 years, with most recurrences (80%) occuring within the first year. 17 Benign paroxysmal positional vertigo associated with trauma or baseline inner ear dysfunction has a higher recurrence rate. 18, 19 Left untreated, PSC BPPV resolves with a median duration of 39 days and HSC BPPV in 1 day. 20 Benign paroxysmal positional vertigo of the horizontal canal is less common, but clinicians should keep this entity in mind if the patient develops much more severe vertigo after having the standard CRM done, or has head movement triggered vertigo that lasts up to a minute. 21 It is diagnosed by eliciting geotropic beating nytagmus (fast-phase beating toward the undermost ear) when the patient is placed in the supine position with the head turned to either side. The time constant of recovery of the cupula of the HSC is much longer than that of the PSC, so when particles get trapped in this canal (which can happen during a CRM for the PSC since the 2 canals are connected before joining the vestibule), the vertigo spells are much longer. 22 It can often be treated conservatively by having the patient sleep on the unaffected ear for a few nights. Specific liberatory maneuvers like the Lempert-BBQ roll maneuver or the Gufoni maneuver may also be performed. [23] [24] [25] On occasion, a patient may not be able to perform the headhanging CRM because of poor neck extension or immobility. An alternative procedure is the Semont maneuver, in which the patient turns 45 toward the unaffected ear and lies down toward the affected ear. This is less effective than the modified Epley maneuver but can be repeated serially until the vertigo spells resolve. Brandt-Daroff exercises may be helpful in individual patients but there are insufficient studies to support their general use. A thorough description and videos of these maneuvers was presented by Fife et al in 2008. 26 
Meniere Disease
Meniere disease, which is the eponymous designation for endolymphatic hydrops is due to abnormal fluid dynamics in the inner ear that cause the endolymphatic space to become congested. The association is far from perfect, however, as a large temporal bone bank series showed that patients can have pathological evidence of hydrops without a clinical history typical of Meniere disease. 27 The hydrops is probably an end result of a variety of insults to the inner ear, including metabolic, vascular, inflammatory, and ischemic, though most cases appear to be idiopathic. Guidelines for the diagnosis of endolymphatic hydrops were developed by the American Academy of Otolaryngology, Head and Neck Surgery in 1995. A certain diagnosis requires histology and is therefore rarely obtained. A definite diagnosis requires 2 episodes of vertigo lasting at least 20 minutes with audiologically confirmed hearing loss as well as aural symptoms of tinnitus and/or ear fullness. 28 The true prevalence and incidence of the disorder is difficult to ascertain since most epidemiological studies were performed before the current criteria. However, a telephone interview-based study in Germany found a population prevalence of 0.12% just based on symptoms and not on examinations or testing. 29 Hearing loss in Meniere disease is gradual, with an initial low-frequency loss being classic. However, it can present with all patterns of hearing loss. Any patient who presents with sudden deafness and vertigo should not be diagnosed with Meniere disease. Such a patient should be considered to have had a vascular event until proven otherwise. Labyrinthitis can also present with rather sudden onset of vertigo and hearing loss, but it is generally over several minutes or even hours, and not hyperacute like a vascular event.
The tinnitus of Meniere is often described as a low-pitched, roaring tinnitus, which distinguishes it from the more common high-pitched tinnitus associated with age-related highfrequency sensorineural hearing loss. Most spells of Meniere disease last on the order of hours. The vertigo is usually severe and patients can develop prodromal symptoms of increasing ear fullness or tinnitus before the vertigo starts. There has also been a long recognized association between Meniere disease and migraine. Migrainous features such as headache, photophobia, and even aura have been reported to be quite prevalent during Meniere attacks. 30 Meniere attacks can occur spontaneously or be triggered by high-salt-containing foods or stress. During the acute phase, the patient will experience decreased hearing in only 1 ear; concurrent bilateral hearing loss is uncommon. However, after 10 years, about 35% of patients can have the second ear affected. 31 In the attack, the patient exhibits nystagmus that is either mixed horizontal torsional or vertical torsional, indicating the general involvement of all the semicircular canals. Depending on the phase of the vertigo in which the patient is seen, the nystagmus may beat toward the affected ear or beat away from the affected ear. As the nystagmus is peripheral in origin, it is easily suppressed by visual fixation. The nystagmus can be unmasked using either Frenzel lenses (20 diopter lenses that prevent fixation) or a technique called occlusive ophthalmoscopy. In this technique, the examiner observes the optic disc of 1 eye with the ophthalmoscope while covering the other eye ( Figure 2 ). Fixation is removed since both eyes are essentially occluded. It should be noted that since the back of the eye is being observed, the direction of the nystagmus observed will be in the opposite direction of the front of the eye.
In the acute setting, the goal is to treat the vertigo with vestibular suppressants such as meclizine, promethazine, and benzodiazepines and to maintain hydration. Vestibular suppressants should not be continued once the acute vertigo episode has stopped and should only be used on an ''as needed'' basis. Appropriate first-line preventive treatment for Meniere disease are the initiation of a diuretic such as hydrochlorothiazide (25 mg daily) or acetazolamide (titrated to 250 mg twice daily) and starting a low-salt diet (<2 g/d). However, there are no good randomized placebo-controlled trials to support their use in Meniere disease. 32 Baseline hearing decreases with time in the majority of patients but total deafness is unusual. 33 If vertigo spells are frequent despite medical management, then surgical options should be explored with an otolaryngologist.
Vestibular Neuritis
This disorder is presumed to be due to reactivation of latent herpes simplex I in the vestibular ganglion, akin to Bell Palsy. 34 The annual incidence is estimated at 3.5 per 100 000. 35 Patients with vestibular neuritis experience severe continuous vertigo, are extremely nauseated, and often vomit. In the acute phase, they will exhibit a spontaneous nystagmus with the fast phase beating toward the opposite ear. However, higher order ocular control centers will quickly suppress the nystagmus, and beyond the second day, nystagmus may only be seen by removing fixation such as by occlusive ophthalmoscopy (Figure 2) or with Frenzel lenses. Hearing and all neurological function should otherwise be normal. Vestibular function testing will show either a caloric paresis or paralysis in the affected ear with a gradual return of function as the patient recovers. An important bedside test is the head impulse test, which can help distinguish a vestibular neuritis from a cerebellar infarct, the other main cause of isolated acute vertigo. 36 The head impulse test is a test of the vestibularÀocular reflex (VOR). In an awake patient, the test has to be performed with high acceleration movements because the VOR is maximally efficient at high accelerations, and the patient will be able to anticipate the examiner's motions to voluntarily move their eyes if the movements are too slow. To perform the head impulse test, the examiner faces the patient, holds the patient's head with both hands, and performs rapid small amplitude, high-acceleration movements while the patient is instructed to fixate on the examiner's nose (Figure 3 ). When the VOR is intact, thrusting the head to the side will cause an immediate compensatory conjugate eye movement in the opposite direction such that the patient maintains fixation on the examiner at all times. However, if the VOR is slowed by an inflamed demyelinated nerve, the eyes will transiently move with the head and the patient will have to make a saccade back to midline to maintain fixation on the examiner. 37 Therefore, the examiner is looking for corrective saccades; the side to which the head is thrusted is the side being stimulated. Patients with acute cerebellar infarcts will have a normal head impulse test, as this is a test of a local brain stem arc. 36 The role of steroids in the treatment of vestibular neuritis is still controversial. Several studies have shown that steroids given within the first 3 days of symptoms can improve vestibular function testing but it is not clear whether they improve functional outcome. 38, 39 Unlike acute facial palsy, in which there is now good evidence that steroids can improve functional recovery, there is no clear evidence that patients with vestibular neuritis are clinically improved with steroids. The hallmark difference between recovery of facial nerve function and vestibular nerve function is that a 1-sided vestibular paresis is well compensated for by the opposite vestibular system. Therefore, other risk factors for high-dose steroids should be considered when weighing the potential benefits.
As with Meniere disease, patients with vestibular neuritis should be treated with vestibular suppressants only during the acute vertiginous phase. Continuous use of vestibular suppressants can hinder central compensation and prolong the recovery period. Vestibular rehabilitation may also improve the recovery process. Patients with vestibular neuritis generally make an excellent functional recovery and recurrences are extremely rare. Therefore, ''recurrent vestibular neuritis'' should only be diagnosed in rare circumstances and with laboratory evidence of a new onset of vestibular paresis. The reported recurrence rate with an average of 5 to 7 years of follow-up is about 2% with the recurrences happening in either ear. 6, 40 Nonspecific dizziness and chronic anxiety can follow an acute episode, however. 41 Figure 2 . Occlusive ophthalmoscopy: Visualization of one fundus with an ophthalmoscope while occluding the other eye will effectively remove the ability of the patient to fixate and will uncover nystagmus caused by a peripheral vestibular lesion that is otherwise suppressed by fixation.
Migrainous Vertigo
Episodic vertigo spells occur in close to 30% of patients with migraine headache but usually follow the onset of the headaches by many years and sometimes start when the migraine headaches are improving. 42, 43 The association may thus not be initially apparent. Patients can experience a variety of combinations of headache and vertigo, with most patients experiencing some vertigo episodes with their typical headaches and others completely in isolation. 44 The localization of vertigo in migraine is unknown as careful eye movement recordings during acute attacks can have both central and peripheral features. 45 One suggestion that the origin may be peripheral is that migraineurs have a higher rate of baseline vestibular dysfunction than nonmigraineurs. 46 Support for a central mechanism includes vertigo spells associated with typical aura and severe vertigo that is not associated with nystagmus. Some patients may report that their symptoms are worse with certain head positions, but this should not be confused with BPPV, since patients with migrainous vertigo will be nauseated, photophobic, or phonophobic during attacks. These patients respond well to regular migraine preventive medications and can be treated with vestibular suppressants in the acute setting.
Ischemia
Although ischemia to any portion of the vestibular pathway can cause vertigo, infarcts in the territory of the anterior inferior cerebellar artery (AICA) and the medial branch of the posterior inferior cerebellar artery (mPICA) are the most likely to be confused for inner ear disorders. Rules of thumb in lateralizing the side of infarction such as ''falling to the side of the infarct,'' are not sensitive enough to localize the lesion. 36 It is generally considered that patients with central disorders experience less prominent vertigo than those with peripheral disorders, but this is not specific enough to guide a diagnostic workup.
Anterior inferior cerebellar artery territory infarcts should be considered whenever a patient presents with the hyperacute onset of unilateral deafness and vertigo. Since the internal auditory artery branches from the AICA, patients with AICA infarcts can show a combination of peripheral and central abnormalities, including a vestibular paresis and a positive head impulse test. Central abnormalities can occur because the AICA serves the middle cerebellar peduncle, anterior cerebellar hemispheres, and lateral inferior pons. Stuttering onset of vertigo in a patient with known vascular risk factors should also prompt an immediate evaluation for posterior circulation insufficiency, particularly basilar artery stenosis in the vicinity of the take off of the AICA. 47 In the largest series to date on the audiovestibular symptoms of AICA infarcts (82 patients), 98% experienced vertigo, 96% showed abnormal central ocular features, 65% a vestibular paresis, and 63% hearing loss on presentation. Only 1 patient had auditory and vestibular loss without any central neurological signs. 48 Cerebellar infarction in the distribution of the mPICA can lead to isolated vertigo without auditory symptoms. The infarct is in the caudal cerebellum just off the midline. Central ocular features such as gaze-evoked nystagmus, poor smooth pursuit, and poor fixation-suppression of nystagmus should be carefully sought but some patients with mPICA infarcts can exhibit unidirectional beating nystagmus. A head impulse test should always be performed in such patients to confirm a normal VOR. In the acute setting, this is the only bedside test that can reliably distinguish an mPICA infarct from vestibular neuritis when the cerebellar examination is otherwise normal. 36 The decision to order neuroimaging in patients with vertigo rests mainly with the comfort of the practitioner in being able to rule-in one of the more common peripheral causes of vertigo. However, neuroimaging with magnetic resonance imaging (MRI) and either an MR or computed tomography (CT) angiogram should strongly be considered in the following circumstances: presentation of persistent vertigo with a hyperacute onset and a normal head impulse test; a first time presentation of vertigo with headache; vertigo with sudden deafness; vertigo with any central ocular motor signs or neurologic deficits, vertigo with cognitive changes; and the stuttering onset of vertigo spells (seconds to minutes) that does not fit the criteria for any peripheral vestibular disorder.
Vestibular Paroxysmia
Brief attacks of position-triggered vertigo can also be due to vestibular paroxysmia, which is the vestibular kin to trigeminal neuralgia. Patients experience seconds to minutes long episodes of vertigo that are often associated with tinnitus which can be triggered by very specific head or body positions. The Dix-Hallpike maneuver is negative in this disorder, but nystagmus can be uncovered by hyperventilation. It is treated with activity-dependent sodium channel blocking medications like carbamazepine and oxcarbazepine. 49 
''Third-Window'' Syndromes
Less common conditions that may be encountered in the hospital setting are third-window syndromes like perilymphatic fistulas and superior canal dehiscence. 50, 51 The oval window and the round window are the only normal nonbony boundaries between the middle and inner ear. Third window refers to an abnormal third connection to the inner ear, such that now sound and pressure energy can be transmitted directly into the inner ear. The hallmark feature of these disorders are soundand pressure-(eg, coughing, Valsalva) induced attacks of vertigo. They are very brief but can occur multiple times a day. A history of vertigo attacks that are associated with middle ear surgery, recurrent middle ear infections, a cholesteatoma, or barotrauma such as blows to the ear or even forceful sneezing or straining should be sought. Perilymphatic fistulas may have symptoms similar to Meniere disease such as fluctuating hearing loss and are very difficult to diagnose even with exploratory middle ear surgery. Such patients should be evaluated with an audiogram and high-resolution CT of the temporal bones. A special test of saccule function called a vestibular-evoked myogenic potential (VEMP) can be helpful in the diagnosis of these dehiscence syndromes.
Conclusion
Acute vestibulopathies can be frightening for the patient, but practitioners who are at the frontlines in managing these patients can make a tremendous difference in relieving symptoms and starting the patient along the correct diagnostic pathway. A careful history that accurately details the important features of the vertigo-duration, chronicity, associated symptoms, and triggers should narrow down the differential quite effectively. A few simple bedside examinations can rule-in a benign diagnosis. If ambiguity or worrisome features exist, then further testing with neuroimaging, vestibular function, and auditory testing are required. However, an overreliance on these diagnostic tests can lead to confusion due to their nonspecificity and high rate of false positives and incidental findings. As in all good medicine, the practitioner needs to start with a good working differential diagnosis that is based on an excellent history and neurological examination.
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